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ABSTRACT

The aim of the present experiment was 
to cryopreserve buffalo endometrial stromal cells 
and to study their morphological and physiological 
characteristics. Stromal cells isolated by enzymatic 
digestion from the buffalo uterus of day 1-5 of 
the estrous cycle, were cultured and frozen at 
-80oC using DMSO as a cryoprotectant. Frozen 
cells were thawed at 37oC and recultured. The 
culture media was collected when both unfrozen 
(control) and frozen cells reached confl uence for 
estimation of PGE2 and PGF2α using enzyme-
linked immunosorbent assay. Frozen stored buffalo 
endometrial stromal cells immediately after thawing 
appeared as single or in small clumps, glistening 
and rounded which changed their morphology from 
rounded to fl at spindle shaped immediately 24 h 
after seeding retaining their normal morphological 
characteristics. The viability of frozen thawed 
stromal cells at the time of seeding estimated by 
Trypan blue dye exclusion was 63.3%. There was 
no signifi cant difference in the basal production of 
PGE2 and PGF2α by the frozen-thawed and unfrozen 
buffalo stromal cells (289.38 ± 4.39, 3.28 ± 0.16 
pg/μg protein vs. 305.97 ± 3.20, 4.26 ± 0.17 pg/μg 
protein, respectively) on day 7 of culture indicating 
no adverse effect of cryopreservation on their 
functional characteristics. The results demonstrated 
that buffalo endometrial stromal cells can be 

cryopreserved without any major impairment in 
their morphological and functional integrity.

Keywords: cryopreservation, buffalo, stromal 
cells, culture, prostaglandins

INTRODUCTION

Prostaglandins (PGE2 & PGF2α) are 
important regulators of reproductive events viz., 
luteolysis, ovulation, implantation and parturition 
in farm animals. PGF2α plays a major role in 
regulation of cyclicity, on the other hand, PGE2 
exerts action opposite to PGF2α and favours 
establishment of pregnancy by its luteoprotective 
action. The endometrium is a complex tissue 
containing mainly epithelial and stromal cells. 
Both types of cells produce isoform of PG, but 
have different morphological and physiological 
properties (Fortier et al., 1988; Asselin et al., 
1997). Endometrial epithelial cells mainly secrete 
PGF2α whereas stromal cells are the principal 
source of PGE2. Identifi cation of a particular cell 
type responsible for observed effect and interaction 
between different cell types is diffi cult to study with 
mixed cell culture. An in vitro system for stromal 
cell culture, therefore, constitutes a good model to 
study regulation of prostaglandin synthesis (Parent 
et al., 2003; Guzeloglu et al., 2004), which avoids 
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animal handling, ethics problems and variability of 
results too. Recently, stromal cell culture (Gupta et 
al., 2010) has also been established in buffalo in 
our laboratory, as a model to study the regulation 
and modulation of PGF2α and PGE2.

To study the regulatory mechanism 
involved in PG synthesis related to either luteolysis 
or establishment of pregnancy, there is a need to 
cryopreserve uterine endometrial cells in order 
to conduct in vitro experiment at any point of 
time. Cryopreservation has most commonly been 
used for the long term storage of biological cells. 
Freezing and storage of endometrial cells allows 
accessibility of cells to conduct experiment at any 
point of time, reduces repeated procurement of 
genital tracts for isolation of cells and reduction in 
variability of results as well. Cryopreservation of 
cells derived from reproductive tracts e.g. bovine 
endometrial epithelial and stromal cells (Murakami 
et al., 2003), bovine endothelial cells from the 
corpus luteum (Acosta et al., 2007), porcine 
endometrial epithelial cells (Kim et al., 2010) and 
equine endometrial epithelial and stromal cells 
(Szostek et al., 2012) have been established. Till 
date, information on cryopreservation of stromal 
cells in buffalo is lacking. The present experiment, 
therefore, was designed with the objective to study 
the effect of cryopreservation on stromal cell 
morphology and physiology.

MATERIALS AND METHODS

Isolation of endometrial stromal cells
Buffalo uteri along with intact ovaries 

having corpus hemmorrhagicum (approximately 
day 1-5 of the estrous cycle) apparently free of 
infection were procured from the local abattoir, 
placed in sterile HBSS supplemented with 

antibiotics and transported to the laboratory on ice 
immediately after slaughter. White side test (Popov, 
1969) and uterine cytology (Kasimanickam et al., 
2004) were done to rule out infection. 

Buffalo endometrial stromal cells were 
isolated by enzymatic digestion as per Gupta et 
al. (2010) with suitable modifi cations. Briefl y, the 
myometrial layers were dissected and the horn was 
everted to expose the uterine epithelium and placed 
in a beaker containing 0.3% trypsin III in HBSS 
and digested for 2 h at 5% CO2, 95% humidifi ed 
air at 37°C. After incubation the digested horn 
was further placed for second digestion containing 
0.064% trypsin III and collagenase type II and 
0.032% DNase I for 1 h. All scrapings and washings 
were combined with the digested cells and fetal 
calf serum was added to a fi nal concentration of 
10% to block the action of trypsin followed by 
centrifugation at 1200 rpm for 10 minutes. The 
pellets were pooled and washed thrice with HBSS 
and fi nally suspended in 1 ml RPMI-1640 medium 
with 10% FCS, 50 μg/ml gentamicin and 0.25 
μg/ml Amphotericin-B. Cells were counted using 
haemocytometer and viability was determined by 
trypan blue dye exclusion test (Freshney, 2000). 
Cell concentration was adjusted to 6.25X105 cells/ 
ml in RPMI-1640 media plated on 6 well plates 
and cultured at 37°C in an atmosphere of 5% CO2, 
95% humidifi ed air for 18 h to allow attachment 
of stromal cells. Media were changed every 
2 days until monolayer. Further, stromal cells were 
subjected to indirect immuno-fl uorescent staining 
for specifi c marker i.e. fi bronectin (stromal 
cells). Cells stained positive giving green colored 
fl uorescence indicating presence of specifi c stromal 
cells (Figure 1-D).

Cells were harvested upon reaching 
monolayer using 0.05% trypsin and 0.02% EDTA 
for 5-10 minutes at 37oC and washed two times 
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with HBSS. Final cell pellet was suspended in 
chilled freezing media (70% culture media + 10% 
DMSO + 20% serum) to adjust cell concentration 
at the density of 1X106 cells/ml after counting and 
viability assessment. One ml of cell suspension was 
dispensed into 2 ml cryovial and subjected to slow 
freezing in cryo 1oC freezing container (isopropanol 
bath) and kept at -80oC in a deep freezer. Cells were 
thawed by plunging cryovials into a water bath 
maintained at 37oC. Contents were centrifuged and 
the cell pellet was suspended in RPMI 1640 media 
with 10% FCS supplemented with antibiotics and 
counted using haemocytometer, the quantitative 
survivability of the cells was determined by 
staining the frozen thawed cells with 0.4%Trypan 
blue (Freshney, 2000). Growth characteristics of 
the frozen thawed stromal cells were evaluated by 
re-culturing the cells in RPMI-1640 at a density of 
1X105 viable cells/ml in 6 well plate. Media were 
changed every 2 days till confl uence/ monolayer.

The supernatant were collected after 
reaching monolayer on day 7 for PGE2 and PGF2α 
estimation using an ELISA Kit (Neogen, U.S.A). 
Cells were harvested using 0.05% trypsin and 
0.02% EDTA for 5-10 minutes at 37oC. The cell 
pellets were dissolved with 0.3 M NaOH and 1% 
sodium lauryl sulfate and the protein concentration 
of cell lysates was determined by the Bradford 
method (Bradford, 1976) using BSA as standard 
(Banglore Genei, Banglore). Total PGE2 and PGF2α 
concentration per well were expressed as picograms 
per microgram of total cellular protein.

Statistical analysis 
The data are shown as mean ± SEM of 

values obtained in three separate experiments, each 
performed in triplicate. The independent ‘t’ test 
was used to show the statistical signifi cance among 
basal production of PGE2 and PGF2α in frozen and 

unfrozen cells.

RESULTS AND DISCUSSION

Frozen stored buffalo endometrial stromal 
cells immediately after thawing appeared as single 
or in small clumps, glistening and rounded which 
changed their morphology from rounded to fl at 
spindle shaped immediately 24 h after seeding 
retaining their normal morphological characteristics 
and reached confl uence or monolayer by day 7 
culture (Figure 1-A,B,C). The viability of frozen 
thawed stromal cells at the time of seeding estimated 
by Trypan blue dye exclusion was 63.3%. The 
loss of viability may be due to stress of freezing-
thawing process causing injury to the plasma 
membrane, a primary target of cryo-damage (Gao 
and Crister, 2000). Production of PGE2 is a useful 
parameter for determining the functional status of 
bovine endometrial stromal cells. PGE2 has been 
reported as one of the principal prostaglandin 
secreted by endometrial stromal cells in cattle and 
buffalo (Parent et al., 2003; Gupta et al., 2010). 
There was no signifi cant difference in the basal 
production of PGE2 and PGF2α by the frozen-
thawed and unfrozen buffalo stromal cells (289.38 
± 4.39, 3.28 ± 0.16 pg/μg protein vs. 305.97 ± 
3.20, 4.26 ± 0.17 pg/μg protein, respectively) on 
day 7 of culture indicating no adverse effect of 
cryopreservation on their functional characteristics. 
No difference in the production of PGE2 and PGF2α 
by frozen thawed stromal cells as compared to 
unfrozen cells indicated resistance of stromal cells 
to the freezing and thawing process (Murakami 
et al., 2003). The results also corroborated with 
the fi nding of Szostek et al. (2012) in equines. 
In the present study successful cryopreservation 
of buffalo endometrial stromal cells without any 
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Table 1. Basal prostaglandin production (pg/μg protein) by frozen thawed buffalo endometrial stromal cells.

Groups PGE2 PGF2α

Frozen stromal cells 289.38 ± 4.39 3.28 ± 0.16
Unfrozen stromal cells (Control) 305.97 ± 3.20 4.26 ± 0.17
‘t’ value 3.05 NS 4.06 NS

Figure 1. Frozen-thawed buffalo endometrial stromal cell immediately after seeding (A), 24 h 
after seeding (B), at confl uence/ monolayer (C) Immunofl uorescent staining of buffalo 
endometrial stromal cells (stained positive with anti-fi bronectin) (D).

    (A) (B) 

(C) (D)
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major impairment in morphological and functional 
integrity was achieved and may serve as useful 
model to study cell biology and physiology of the 
endometrium particularly in buffalos.
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